Objective: This pilot study investigated whether a home exercise video programme could improve exercise tolerance and breathlessness in patients with moderate to severe chronic obstructive pulmonary disease. Methods: Twenty subjects completed the study after being randomized to intervention or control. The intervention group (n = 10), watched a 19-min video on the benefits of exercise for patients with chronic obstructive pulmonary disease and were given a 30-min exercise video, an illustrated exercise diary and an educational booklet about chronic obstructive pulmonary disease, for use at home. They were advised to follow the exercise video programme 4 times a week for 6 weeks. The control group (n = 10) received the chronic obstructive pulmonary disease educational booklet only. Exercise tolerance was measured using the Incremental Shuttle Walk Test and breathlessness by the self-reported Chronic Respiratory Questionnaire. 
INTRODUCTION
Pulmonary rehabilitation (PR) has been shown to deliver costeffective improvements in dyspnoea, exercise tolerance and health-related quality of life in people with chronic obstructive pulmonary disease (COPD) (1, 2) . PR programmes in the UK are typically delivered on an outpatient basis, either at a hospital or at a suitable site in the community. It is not always possible, however, for patients to access outpatient programmes due to lack of local availability or adequate transport from isolated locations. Severe breathlessness may reduce activity levels to such a degree that, for many, leaving the house is an ordeal. A British Lung Foundation (BLF) survey reported that less than 2% of UK patients with COPD had access to a rehabilitation exercise programme (3), despite National Institute for Health and Clinical Excellence (NICE) and British Thoracic Society (BTS) recommendations that PR be made available to all patients who are functionally limited by dyspnoea.
Access to the benefits of PR may be broadened if effective exercise could be administered at home. Current evidence suggests that home-based rehabilitation interventions result in smaller benefits as judged by exercise tolerance and quality of life when compared with supervised programmes (4) (5) (6) . The impact of home-based rehabilitation may be limited by multiple factors, including lack of healthcare supervision and support from fellow COPD sufferers. This may lead to poor adherence to prescribed exercise intensity and frequency in home programmes (5, 7, 8) .
One-to-one supervision on an individual basis is unlikely to be feasible or cost-effective; however, use of a home exercise video could enhance adherence to prescribed exercise programmes. Video media can be an effective means of delivering exercise instruction (9) . No published research to date has investigated the effectiveness of a home exercise video for patients with COPD. We hypothesized that an exercise programme based on video instruction at home could improve walking ability, breathlessness and quality of life.
METHODS

Patients
Patients with a clinical and spirometric diagnosis of COPD, with a Forced Expiratory Volume in one second divided by Force Vital Capacity (FEV 1 /FVC) < 70% and %predicted FEV 1 < 60%, were recruited from a PR programme waiting list. Referrals to the PR programme were from hospital respiratory physicians, community-based general practitioners and other healthcare professionals. All referrals were screened for comorbid conditions that would preclude safe exercise training at home, EFFECT OF A HOME EXERCISE VIDEO PROGRAMME IN PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE including significant cardiac disease and cognitive impairments (10) .
Patients who had not previously attended PR and who had access to a Video Home System (VHS) or Digital Video Disc (DVD) player at home were recruited. All patients gave informed consent and the study protocol was approved by the University of Brighton School of Health Professions Ethics Panel and King's College Hospital Research Ethics Committee. All patients were offered standard PR at the end of the study period.
Study design
Patients were assessed by a senior physiotherapist who decided whether they were safe to participate in the study. To ensure that all patients were safe to exercise at home alone, any patient with high blood pressure (> 180/100), high heart rate (> 100) or low oxygen saturations (< 88%) were excluded from the study. An Incremental Shuttle Walk Test (ISWT) was performed by all patients as described by Singh et al. (10) . One practise walk was undertaken to allow familiarization. Dyspnoea associated with daily function and disease-specific quality of life was assessed through the Self-Reported Chronic Respiratory Disease Questionnaire (CRQ-SR) (11) .
Patients were randomized to either intervention or control using a concealed minimization strategy to match the groups for age (≤ 65 or > 65 years) and airway obstruction (≤ FEV 1 40% or > FEV 1 40%). The randomization was sent to the chief investigator via sealed envelopes and was not revealed until patients had completed baseline assessment.
Intervention
Patients randomized to the intervention group participated in a home exercise video programme. This programme consisted of watching a 19-min video (Video A) about the benefits of exercise in COPD. Video A showed patients with COPD describing their own experiences of exercising, highlighting their anxieties and the benefits of exercise. The video also utilized members of the multidisciplinary rehabilitation team to deliver education about the benefits of exercise in COPD, provide motivation and alleviate concerns about exercising. Patients watched the video alongside a physiotherapist with whom they could discuss any questions that arose. They were then given a 30-min exercise video or DVD (Video B) to take home and use 4 times a week for a period of 6 weeks. All patients in the intervention group were shown how to perform the exercises on the video. They were advised to stop if they experienced any pain, dizziness or generally feeling unwell while performing the exercise video and to contact the study physiotherapist at the earliest availability or a doctor in an emergency. The exercise video is designed so that the patient could watch it and perform the exercises in front of a television. The video consisted of a warm-up, high-intensity interval exercises (upper and lowerlimb strengthening and aerobic exercise) and a cool-down including stretches (Table I ). Instruction and demonstration of the exercises on the video were provided by a physiotherapist assisted by 2 patients with COPD (one male and one female; the female patient required supplemental oxygen therapy).
The videos used in this study were designed by the Pulmonary Rehabilitation Team from King's College Hospital, Southwark Primary Care Trust (PCT) and Lambeth PCT and were made by Realta Productions (London, UK). A short version of Video A and details for accessing Video B are available on the Internet (www.kch.nhs.uk/ services/general-medicine/therapy-services/physiotherapy/pulmonaryrehabilitation).
The intervention group were also provided with supporting literature, including an illustrated BLF exercise diary to monitor exercise frequency and an educational booklet about COPD produced by King's College Hospital. The topics included in this booklet were; an explanation of COPD, diagnosing and treating COPD, medications for COPD, oxygen therapy, managing chest infections, how to manage breathlessness, stress and relaxation, exercise and smoking cessation.
The control group received the educational COPD booklet only. All patients received individual consultation with the study physiotherapist, allowing equal opportunity for discussion relating to COPD management. Any patient that experienced an exacerbation of their respiratory symptoms during the study period was advised to telephone the study physiotherapist and was excluded from the study (Fig. 1) .
Exercise intensity and monitoring of adherence
Patients were familiarized with the Borg breathlessness scale and this was referred to throughout the exercise regime, to encourage the patient to work towards a symptom-limited intensity (12) . Consistent and specific instructions were given to the subject to get "somewhat severely out of breath" and "somewhat severely tired", corresponding to a Borg score of 4, which has been shown to be an appropriate training intensity (13) (14) (15) (16) (17) . For the limb strengthening exercises, patients were given advice at the baseline assessment about household items that could be used as a weight to provide resistance, for example filled water bottles, and further advised on how to increase workload in a progressive manner to achieve the required training intensity. Additional advice was given on breathlessness management techniques, for example, leaning forward to assist recovery from dyspnoea (18) . Adherence to the intervention was recorded prospectively in selfreported patient diaries. No minimum period of use was predefined as "completion" for inclusion in the final analysis, and all patients randomized to intervention were included regardless of how often the video was used.
Statistical methods
Comparisons were made between the intervention and control group for baseline characteristics (age, FEV 1 , ISWT and CRQ data) using Mann-Witney tests. Changes in CRQ and ISWT over the study period were analysed within intervention and control groups using Wilcoxon signed-rank tests and between groups by Mann-Witney U-test. All calculations were performed using SPSS Version 14 © (SPSS Inc.).
RESULTS
Subject characteristics
Twenty-seven patients were randomized, of whom 20 completed the study. Fig. 1 shows the flow of patients through the study. In the control group, 2 patients did not attend the follow-up assessment and one had an exacerbation. In the intervention group, 3 subjects had an exacerbation and one withdrew due to aggravation of knee pain. Of the 20 patients who completed final assessment, 10 were allocated to intervention and 10 to control; their baseline characteristics are shown in Table II . At baseline, groups did not differ significantly for age, sex, FEV 1 , %predicted FEV 1, ISWT, CRQ dyspnoea score or Hospital Anxiety and Depression HAD score. At baseline, 2 patients in the control group and 4 in the study group had HAD scores suggestive of depression. Five patients in each group had scores suggestive of anxiety. The mean (standard deviation (SD)) follow-up time for the control group was 7 (1) weeks compared with 8 (3) weeks for the intervention group.
Change in walking capacity and selfreported symptoms
The group changes between baseline and follow-up assessment are summarized in Table III . Exercise tolerance, as measured by the ISWT and 3 domains of the CRQ (dyspnoea, fatigue and emotion), showed statistically significant improvements within the intervention group. No significant difference was observed in the mastery score of the CRQ (p = 0.06). None of these assessed outcomes improved in the control group. The changes in ISWT and CRQ dyspnoea, fatigue and emotion scores were significantly greater in the intervention group when compared with control. At follow-up, the number of subjects with HAD scores suggestive of depression was unchanged in either group; 2 subjects had scores suggestive of anxiety in the study arm.
Mean HAD anxiety scores were unchanged in the exercise video group (-2.3 points, 95% confidence interval: -4.9 to 0.3, p = 0.078) or when compared with control (p = 0.211).
Use of the home video intervention
The mean number of times that the video was used during the study period was 33 (range SD 20) . This data was selfreported and collected from patients' diaries. Improvement in either ISWT or CRQ score was not correlated with the frequency of video use or any other baseline factor.
DISCUSSION
This study reports the impact of a home video led exercise programme in patients with COPD. The data suggest that such a programme can improve exercise capacity and breathlessness. The possible physiological mechanisms for the increase in exercise capacity observed in the home exercise group were not investigated. Limb strengthening exercises have been shown to increase peripheral strength in patients with COPD (19) and greater quadriceps muscle strength is associated with increased incremental shuttle walk performance (20) . Although quadriceps muscle strength was not measured in this study, increased leg strength may contribute to the increased walking distance observed. The CRQ domain changes for dyspnoea, emotion and fatigue observed in the intervention group reached or exceeded accepted minimum clinically important differences (21, 22) . Previous work has suggested that limb strengthening exercise generates larger improvements in disease-specific quality of life than aerobic training (23) . Limb strengthening exercise was an important component of this homebased video programme and may have contributed to the improved CRQ domain scores as well as exercise capacity.
Regarding dyspnoea specifically, respiratory mechanics were not measured in this study and it is unclear whether delayed dynamic hyperinflation (14) , for example, resulted from the exercise training programme. Conversely, more general advice given at the study outset regarding breathlessness management strategies, may have itself in part, contributed to the improved CRQ dyspnoea score. Parallel improvement in both CRQ dyspnoea and emotion scores is not surprising; a causal relationship between the development of symptoms of anxiety and breathlessness has been proposed (24) . No significant change in anxiety scores was observed, although 3 out of the 5 patients in the intervention group, that had a positive score for anxiety at baseline, did show a clinically significant drop in anxiety score. The number of subjects is too small to make conclusive judgements on the intervention's impact on anxiety or depression; further investigation is required in larger studies. No qualitative questioning of patients was performed to make further judgements as to why the emotional state of the home video group improved. Interestingly, the mastery component did not show a significant improvement in either group, which may be due to the lack of self-management strategies offered or a lack of sufficient exercise training.
Results are generally comparable to traditional PR programmes (22) , but the aerobic exercises incorporated in the video (for example modified star jumps and marching on the spot) differ from those traditionally employed, such as walking or cycling. Exercises were chosen that could be performed within a confined indoor space with minimal equipment. It may be inferred that the exercises performed were largely responsible for the improved walking capacity; however, the effectiveness of the individual components needs further evaluation. Proof of effective exercise intensity is a major challenge for home-based programmes. Patients had no direct supervision during the exercise other than the standardized guidance provided by the physiotherapist on the video, which largely relied on the Borg breathlessness scale alongside friendly encouragement. Although patients were given instruction on how to use the Borg scale, individual interpretation of the scale may differ over time and between patients. Similarly, weights selected for resistance-type exercises were self-determined by the patients. No formal progression of intensity or performance was prospectively recorded during training. The video-led exercise session (30 min) was relatively short compared with those described in many PR studies. Sessions were designed to exercise patients at a high intensity with short periods of recovery to achieve an effective training benefit (23) .
Most studies of PR advocate 3 exercise sessions per week (19, 22, 25) . UK recommendations advise that 2 supervised sessions and at least one other unsupervised session should be employed (10) . The video-led exercise session (30 min) was relatively short; for this reason, 4 sessions per week were chosen in this study. However, the reported frequency of completed sessions each week varied widely and, there was no relationship between the amount of exercises reported and the degree of change in the outcome measures. The introductory video (Video A) given to the home video group may have led patients to perform more exercise outside of the video sessions but any additional exercise was not recorded in this study. Independent verification of how many exercises were truly performed was not possible in this study. The use of activity monitors may provide a more objective measurement of exercise frequency in future studies.
In addition to points already raised, the success of any unsupervised intervention at home is reliant on patient motivation: those who consented to participate in a study such as this may have been highly motivated. Additionally, participating patients were of moderate to severe severity: patients with less severe COPD may not achieve sufficient exercise intensity (above their usual level of physical function) when using an exercise video. Researchers were unable to remain blind to patient allocation during the study and at follow-up assessment. The impact of this is unknown; however, the CRQ is selfreported whilst the ISWT is a standardized, reproducible test (11, 26) ; results are certainly consistent with data from other types of unsupervised programmes (27) (28) (29) . Larger studies including blinded follow-up assessment and a broader range of participant COPD severity would be insightful.
In conclusion, this pilot study shows that a home exercise video programme, following a single patient education session on the importance of exercise, can result in clinically meaningful improvements in walking distance, dyspnoea and other quality of life measures. Assuming that future studies are carried out to corroborate the effect of similar exercise video interventions (compared with a control group), we suggest that 25 cases per group will provide 90% power to detect a mean ISWT difference of 47 m, assuming a standard deviation of 50 m. These results are encouraging and the potentially cost-effective nature of this intervention is of interest. Patients who are unable to access a conventional outpatient PR programme may benefit from this approach. Patients wishing to maintain improvements after conventional PR may also benefit from home video led exercise in order to achieve this goal. Home-based video led exercise interventions represent an area suitable for further investigation and larger controlled studies with assessor blinding and longer follow-up periods are required to establish their efficacy. Comparison with traditional PR programmes in terms of clinical and cost effectiveness would also be informative.
